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Psychological factors are thought to play a part in the aetiology of chronic widespread pain. We investi-
gated the relationship between intelligence in childhood and risk of chronic widespread pain in adult-
hood in 6902 men and women from the National Child Development Survey (1958 British Birth
Cohort). Participants took a test of general cognitive ability at age 11 years; and chronic widespread pain,
deﬁned according to the American College of Rheumatology criteria, was assessed at age 45 years. Risk
ratios (RRs) and 95% conﬁdence intervals (CIs) were estimated using log-binomial regression, adjusting
for sex and potential confounding or mediating factors. Risk of chronic widespread pain, deﬁned accord-
ing to the American College of Rheumatology criteria, rose in a stepwise fashion as intelligence fell (P for
linear trend <0.0001). In sex-adjusted analyses, for an SD lower intelligence quotient, the RR of chronic
widespread pain was 1.26 (95% CI 1.17–1.35). In multivariate backwards stepwise regression, lower
childhood intelligence remained as an independent predictor of chronic widespread pain (RR 1.10; 95%
CI 1.01–1.19), along with social class, educational attainment, body mass index, smoking status, and psy-
chological distress. Part of the effect of lower childhood intelligence on risk of chronic widespread pain in
midlife was signiﬁcantly mediated through greater body mass index and more disadvantaged socioeco-
nomic position. Men and women with higher intelligence in childhood are less likely as adults to report
chronic widespread pain.
 2012 International Association for the Study of Pain. Published by Elsevier B.V.
Open access under CC BY license.1. Introduction
Chronic widespread pain (CWP) is a common musculoskeletal
problem. Surveys in Europe and the United States show that
around 10%-15% of adults have CWP at any time. Prevalence tends
to be higher in women and in those from disadvantaged socioeco-
nomic backgrounds, and it rises with age up to about age 70 years
[3,9,24]. CWP is the major presenting feature of ﬁbromyalgia and
one of the commonest reasons for consulting a rheumatologist.
Physical factors such as mechanical trauma or the repetitive move-
ments or postures involved in some forms of work are risk factors
for CWP [19], but there is also strong evidence that psychological
and social factors play a part in its aetiology [7]. Longitudinal stud-
ies show that chronic musculoskeletal pain tends to occur more
frequently in people with poorer self-rated health and mentaltudy of Pain. Published by Elsevie
miology Unit, Southampton
4 0 23 80764080; fax: +44 0well-being [4], in those with higher levels of psychological distress
[25], and independently of this, in those with more severe behav-
iour problems in childhood [31]. Findings that individuals who re-
port more nonpain somatic symptoms – such as difﬁculty
swallowing, trouble breathing, or frequent vomiting when not
pregnant – or who worry more about their health, are at greater
risk of developing CWP [27] suggest that this disorder can be a
manifestation of the somatisation of distress whereby feelings of
distress are thought to be expressed through bodily symptoms.
One psychological factor that could potentially be a risk factor
for CWP in adult life is lower cognitive ability in youth. Longitudi-
nal studies of young men enlisted into military service have found
that those with lower scores on a test of intelligence at the time
they joined up are more likely to be admitted to the hospital with
somatoform and neurotic disorders during a 22-year follow-up
period [13], and more likely to report having the functional so-
matic symptom, globus – the persistent sensation of having a lump
in one’s throat with no detectable physical cause [16]. Another
indication that intelligence may be linked with CWP comes from
observations in a cohort of people aged 33 to 79 years that lowerr B.V. Open access under CC BY license.
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number of functional somatic symptoms 1 year later [21]. It is also
possible that intelligence in youth could inﬂuence risk of CWP indi-
rectly. People who gain lower scores on tests of intelligence in
childhood or adolescence are more likely later in life to report
symptoms of psychological distress [15] or to be diagnosed with
depression or anxiety [14,26], more likely to be overweight or ob-
ese and have a history of smoking [1,2], and more likely to be
socioeconomically disadvantaged [1,2] – all of which have been
associated with CWP [23,25,39,41].
We used data on the National Child Development Survey (1958
British Birth Cohort) to examine the relation between intelligence
test scores at the age of 11 years and risk of CWP at age 45 years.
Our hypotheses were that men and women who scored lower on
the test of intelligence in childhood would have an increased risk
of CWP in midlife and that some of this association would be med-
iated through socioeconomic status, mental health, or lifestyle fac-
tors in adulthood.
2. Methods
The National Child Development Study was originally based on
over 17,000 live births in Great Britain during 1 week in 1958 [33].
The cohort has been followed-up at regular intervals through
childhood and adult life. The data on the cohort used in the present
study was obtained from the UK Data Archive, University of Essex,
UK [36-38].
2.1. Cognitive ability in childhood
Cognitive ability was assessed for the ﬁrst time at school when
the children were aged 11 years, using a general ability test devised
by the National Foundation for Educational Research in England
and Wales [11]. The test consisted of 40 verbal and 40 nonverbal
items and was administered by teachers. Scores from this test cor-
relate strongly with scores on a test of verbal ability used to select
11-year-old children for secondary school (r = 0.93), suggesting a
high degree of concurrent validity [11]. For ease of interpretation
when comparing cognitive ability score according to other charac-
teristics, we transformed scores into intelligence quotient (IQ)-type
equivalents, giving the score a mean of 100 and SD of 15.2.2. Chronic widespread pain
When the cohort members were aged 45 years, they were in-
vited to participate in a biomedical survey. Ethical approval for this
study was obtained from the South East Multicentre Research Eth-
ics Committee. Pain was assessed by a self-completion question-
naire. This was the ﬁrst time detailed data on pain had been
collected from cohort members. Participants were asked: ‘‘During
the past month, have you had any ache or pain that has lasted
for one day or longer?’’ Those who answered positively were asked
to shade the location of their pain on 4 blank manikins, represent-
ing right side, left side, front, and back of body and to indicate
whether they had been aware of the pain for at least 3 months.
Based on these data, CWP was deﬁned according to the American
College of Rheumatology criteria for ﬁbromyalgia [40] – namely,
pain present in the axial skeleton and contralateral body quadrants
for at least the past 3 months.
2.3. Covariates
We selected father’s socioeconomic status at the cohort mem-
ber’s birth, own socioeconomic status, educational attainment,
symptoms of psychological distress, body mass index (BMI), andsmoking habits as covariates. Previous studies of this cohort have
shown that the social class into which a child is born is linked with
their subsequent intelligence and with their risk of developing
CWP by midlife [21,24], so we viewed this as a potential con-
founder of any association between childhood intelligence and
CWP. Lower intelligence in childhood has been associated with
psychological distress [15], obesity, smoking [1,2], and socioeco-
nomic disadvantage in adult life [1,2], and all these latter factors
have been linked with CWP [23,25,39,41], so we viewed them as
potential mediators of any association between childhood intelli-
gence and CWP.
Father’s socioeconomic position was deﬁned using the standard
Registrar General’s classiﬁcation of social class [30]—(I) profes-
sional, (II) managerial/technical, (IIInm) other non-manual, (IIIm)
skilled manual, (IV) partly skilled, and (V) non-skilled—on the basis
of his occupation at the birth of the cohort member or, where this
information was missing, on the basis of his occupation when the
cohort member was aged 7 years. The study member’s own socio-
economic position, according to the Registrar General’s classiﬁca-
tion of social class, was based on the participant’s occupation, or
most recent occupation, as collected at age 42 years. For those par-
ticipants who were economically inactive at age 42 years (primar-
ily because they were looking after their home and family, sick or
disabled, unemployed, or in full-time education), social class was
classiﬁed according to occupation at age 33 years, or for a small
proportion who were economically inactive at that age, occupation
at age 23 years. In the sample of 6902 participants on whom our
main analyses are based (see below), social class was based on
occupation at age 42 years in 88% of cases, with 10% based on occu-
pation at age 33 years, and 2% on occupation at age 23 years.
Data on highest academic qualiﬁcation were collected at age
42 years and categorized into 6 groups: no qualiﬁcations, certiﬁ-
cate of secondary education, ordinary levels, advanced levels,
sub-degree/diploma, degree, or higher degree. Psychological dis-
tress at age 42 years was measured by the 12-item General Health
Questionnaire (GHQ-12) and scored using the Likert method [18].
Participants provided information on their height and weight at
age 42 years, from which BMI (kg/m2) was calculated. Cigarette
smoking was recorded at age 42 years. Reports of never smoking
were veriﬁed using self-reported data from ages 23 and 33 years.
2.4. Supplementary analyses
To supplement our analyses of childhood intelligence in relation
to CWP in midlife, we also examined whether intelligence at age
11 years was related to risk of reporting pain in childhood or ear-
lier in adulthood. For these outcomes we used parental reports
from the 11-year survey that the child had recurrent abdominal
pain or headache/migraine, teacher reports from the 16-year sur-
vey that the child ‘‘often complains of aches and pains,’’ and the
participants’ own reports from the surveys when they were aged
23, 33, and 42 years, that they ‘‘often have bad headaches’’ or ‘‘of-
ten have backache.’’
2.5. Statistical analysis
We used the t-test, v2 test, and Kruskal-Wallis test to examine
differences in baseline characteristics between men and women
with and without CWP. We used correlation coefﬁcients to exam-
ine the relation between IQ scores and characteristics of the partic-
ipants. Spearman correlations were used instead of Pearson
correlations for characteristics that were categorical or had a
skewed distribution. Point bi-serial correlations were used for bin-
ary variables. Log-binomial regression was used to examine risk of
CWP (or reports of pain earlier in life) for an SD lower IQ score at
age 11 years. In order to determine the most parsimonious predic-
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stepwise log-binomial regression in which intelligence and all
covariates were entered simultaneously in the model predicting
CWP and variables with a P value of P0.15 were successively re-
moved. We used Sobel-Goodman mediation tests to test formally
the extent to which mediating variables carried the inﬂuence of
childhood intelligence to CWP [35].
In total, 9377 cohort members took part in the biomedical sur-
vey (78% of the target 11,971 who were invited). Of these, 8497
provided information on CWP, 6902 of whom (81%) had complete
data on intelligence in childhood and the covariates. To investigate
possible bias due to missing data, we used multiple multivariate
imputation to impute values in any covariates with missing values
[34]. Imputation models included childhood intelligence, CWP, the
potential confounding and mediating variables, and predictors of
dropout from the cohort that had been identiﬁed previously [20].
We used switching regression in STATA software (StataCorp, Col-
lege Station, TX, USA) [34] and carried out 10 cycles of regression
switching and generated 10 imputation data sets. The multiple
multivariate imputation approach creates a number of copies of
the data (in this case, 10 copies), each of which has missing values
imputed based on available data and with an appropriate level of
randomness using chained equations. The ﬁnal estimates are ob-
tained by averaging across the estimates from each of these 10
data sets using Rubin’s rules and taking into account the uncer-
tainty in the imputation as well as uncertainty due to random var-
iation. Effect sizes obtained after imputation of missing
information were essentially the same as those obtained from
the sample with complete data, so we present results based on
the sample with complete data.
3. Results
The prevalence of CWP at age 45 years was 14.4%. Table 1 shows
the characteristics of the participants according to the presence or
absence of CWP and the correlation of those characteristics with IQ
at age 11 years. People who met the criteria for the presence of
CWP had scored signiﬁcantly lower on the test of general mental
ability at age 11: there was a 3.1-point difference in IQ between
those with CWP and those without it, equivalent to 0.21 of an
SD. People with CWP at age 45 years were more likely to have a
manual occupational social class background in childhood and as
an adult; at the time of the previous follow-up survey at age
42 years, they were more likely to have no academic qualiﬁcations,
to be a current or ex smoker, to have a higher BMI, and to report
greater psychological distress as measured by the GHQ-12. The
prevalence of CWP was slightly higher in women, but this differ-
ence was not statistically signiﬁcant. Higher intelligence at age
11 was associated with having a more advantaged social class
background in childhood or midlife, greater educational attain-Table 1
Characteristics of the study participants according to presence or absence of chronic wide
Chronic widespread pain
Present (n = 993) Ab
IQ at age 11 years, mean (SD) 100.3 (14.2) 10
Female, n (%) 515 (51.9) 29
Father in manual social class, n (%) 745 (75.0) 41
No academic qualiﬁcations by age 42, n (%) 218 (23.0) 90
Current or ex-smoker at age 42 years, n (%) 605 (60.9) 30
Manual social class, n (%) 449 (45.2) 20
BMI at age 42 years, median (IQR) 25.8 (23.2-28.8) 24
GHQ-12 score at age 42 years, median (IQR) 23 (21-27) 22
IQ = intelligence quotient; BMI = body mass index; IQR = interquartile range; GHQ-12 = 1
a All correlations are statistically signiﬁcant at P 6 0.0001 except that between IQ an
attainment, own social class, and smoking status were calculated using these variablesment, a lower likelihood of ever being a smoker, having a lower
BMI, and reporting fewer symptoms of psychological distress at
age 42 years.
Fig. 1 shows risk ratios (relative risks) for having CWP according
to categories of IQ at age 11 years, using individuals with an IQ of
101 to 110 as the reference group. Risk of having CWP rose in a
stepwise fashion as intelligence fell (P for linear trend <0.0001).
There was no evidence that associations between intelligence
and CWP differed signiﬁcantly by sex, so men and women were
analysed together. In a model adjusting for sex alone, the relative
risk of CWP for an SD decrease in intelligence was 1.26 (95% con-
ﬁdence interval [CI] 1.17-1.35). Table 2 shows the results of back-
wards stepwise regression of intelligence at age 11 years and all
the covariates as predictors of CWP. In these multivariate analy-
ses, of all the variables included initially, intelligence at age
11 years, and the potential mediating factors educational attain-
ment, current social class, BMI, smoking status, and symptoms
of psychological distress at age 42 years remained in the ﬁnal
model as independent predictors of CWP. Risk of having CWP
at age 45 years increased with more disadvantaged socioeco-
nomic position, being lowest in those in the professional occupa-
tional class and highest in the unskilled class. By contrast, there
was no clear linear trend between level of educational attain-
ment and risk of CWP; compared to those with a degree, the only
group that had a signiﬁcantly increased risk was those with no
academic qualiﬁcations. Risk of having CWP was signiﬁcantly
higher in those who 3 years earlier reported more psychological
distress as indicated by GHQ-12 scores or who had a higher
BMI. (Additional analyses to examine the separate relations be-
tween height and weight and risk of CWP found no signiﬁcant
association between height and risk of CWP—for an SD increase
in height, the sex-adjusted risk of CWP was 0.99 (95% CI 0.90-
1.09), but greater weight was associated with increased risk—
for an SD increase in weight, the sex-adjusted risk of CWP was
1.23 (95% CI 1.15-1.33).
The effect of childhood intelligence on CWP shrank when social
class, educational attainment, BMI, smoking status, and GHQ-12
scores were added to the model: the relative risk of CWP for an
SD decrease in intelligence dropped from 1.26 (95% CI 1.17-1.35)
in a sex-adjusted model to 1.10 (95% CI 1.01-1.19) in the ﬁnal mul-
tivariate model. We carried out a series of Sobel-Goodman media-
tion tests to examine whether these covariates had signiﬁcant
mediating effects. These tests showed that, after control for the
other covariates, neither educational attainment (P = 0.10), psy-
chological distress (P = 0.17), nor smoking status (P = 0.17) had sta-
tistically signiﬁcant mediating effects, but the mediation effects of
social class (P = 0.001) and BMI (P < 0.0001) were both highly sig-
niﬁcant. Of the total effect of childhood intelligence on risk of
CWP at age 45 years, 16% was mediated through social class and
15% was mediated through BMI.spread pain at age 45 years (n = 6902).
Correlationa with IQ at age 11 years
sent (n = 5909) P value
3.4 (13.9) <0.0001 -
88 (50.6) 0.450 0.07
30 (70.0) 0.001 0.27
2 (15.3) <0.0001 0.52
71 (52.0) <0.0001 0.15
14 (34.8) <0.0001 0.37
.9 (22.6-27.7) 0.0001 0.11
(20-24) 0.0001 0.05
2-item General Health Questionnaire.
d GHQ score, where P = 0.005. Correlations with father’s social class, educational
in their original form rather than as binary variables.
Table 2
Multivariate model predicting chronic widespread pain at age 45 years (n = 6902).
Variablea Risk ratios (95% conﬁdence
intervals)
IQ at age 11, per SD lower 1.10 (1.01-1.19)
Social class
Professional 1.0 (Reference)
Managerial/technical 1.27 (0.85-1.90)
Skilled nonmanual 1.39 (0.90-2.13)
Skilled manual 1.76 (1.15-2.69)
Partly skilled 1.66 (1.07-2.58)
Unskilled 1.90 (1.12-3.18)
Educational attainment by age 42 years
No qualiﬁcations 1.40 (1.04-1.89)
CSE 1.06 (0.78-1.44)
O level 1.23 (0.96-1.58)
A level 1.13 (0.83-1.56)
Subdegree/diploma 1.37 (0.94-1.99)
Degree or higher degree 1.0 (Reference)
Smoking at age 42 years
Never 1.0 (Reference)
Ex- or occasional smoker 1.19 (1.10-1.40)
Current smoker 1.35 (1.14-1.61)
BMI at age 42 years, per SD increase 1.19 (1.12-1.27)
GHQ-12 score at age 42 years, per SD
increase
1.41 (1.33-1.50)
IQ = intelligence quotient; CSE = certiﬁcate of secondary education; O leve-
l = ordinary level; A level = advanced level; BMI = body mass index; IQR = inter-
quartile range; GHQ = 12-item General Health Questionnaire.
a These models are the result of stepwise regression starting with all the variables
in Table 1; variables with P value P0.15 are removed, leaving the independent
predictors shown in the Table.
Fig. 1. Unadjusted risk ratios for having chronic widespread pain (CWP) at 45 years
in relation to intelligence quotient (IQ) categories at age 11 years. People with an IQ
of 101-110 are the reference group.
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and pain symptoms was also present earlier in life. After adjust-
ment for sex and father’s social class, children whose intelligence
was one SD below the mean were more likely at age 11 years
(n = 11,844) to have had recurrent abdominal pain or headache/
migraine in the past year, according to their parents (risk ratio
[RR] 1.17; 95% CI 1.10-1.24 and RR 1.22; 95% CI 1.17-1.28, respec-
tively), and at age 16 years (n = 9971) they were more likely to ‘‘of-
ten complain of aches and pains’’ according to their teachers (RR
1.64; 95% CI 1.52-1.76). After adjustment for sex and current social
class, people whose intelligence in childhood was one SD below
the mean were more likely at age 23 years (n = 8750) to report thatthey ‘‘often had backache’’ (RR 1.23; 95% CI 1.16-1.31) or ‘‘often
had bad headaches’’ (1.35; 95% CI 1.26-1.45). Similar associations
between childhood intelligence and reports of headache or back-
ache were evident at age 33 years and again at age 42 years. We
examined whether the relation between lower childhood intelli-
gence and risk of CWP at age 45 years was concentrated in those
who were reported as having recurrent pain by their parents or
teachers in childhood. After the exclusion of these individuals,
the relation between childhood intelligence and risk of CWP in
midlife was little changed.
4. Discussion
In this prospective study of 6902 middle-aged men and women,
lower intelligence at age 11 years was associated with an increased
risk of CWP at age 45 years. The link between lower intelligence in
childhood and higher risk of CWP was at least partially statistically
mediated through lower socioeconomic position and higher BMI in
midlife. Educational attainment, smoking habits, and symptoms of
psychological distress did not have signiﬁcant mediating effects on
the association. Additional analyses showed that lower intelligence
in childhood was also linked to increased reporting of pain symp-
toms in childhood and earlier in adulthood.
To our knowledge, this is the ﬁrst study to investigate the pro-
spective relation between intelligence and CWP. Some cross-sec-
tional studies, mostly small and based on nonrepresentative
clinical groups, have shown links between the presence of ﬁbromy-
algia and poorer performance on some cognitive domains, particu-
larly working memory and attention [10,17,32]. Recently, a
population-based study examined the cross-sectional relation be-
tween CWP deﬁned using the American College of Rheumatology
criteria and cognitive function in 1539 men aged 40-79 years
[22]. The investigators found that men with CWP differed little
from those without CWP in performance on tests of visual memory
or visuospatial-constructional ability, but had signiﬁcantly poorer
psychomotor processing speed, as measured by the Digit Symbol
substitution test, a subtest of the Wechsler Adult Intelligence
Scales. These ﬁndings have generally been interpreted as suggest-
ing that the experience of chronic pain, or the depression it can in-
duce, has an adverse effect on cognitive function. Experimental
data show that increasing pain intensity or fear about pain is linked
with greater cognitive deﬁcits among patients with chronic pain
[28]. But our observations in the present study suggest that the
poorer cognitive performance often reported in people with
chronic pain might, in some cases at least, long predate the devel-
opment of that pain.
Part of the effect of childhood intelligence on risk of CWP was
statistically mediated through greater BMI and more disadvan-
taged socioeconomic position in adult life, but intelligence re-
mained an independent predictor of CWP independently of these
factors and other covariates. One possibility is that people with
poorer mental abilities may be less able to interpret bodily symp-
toms correctly [5] and have a heightened sensitivity to the work-
ings of their body. This is consistent with other ﬁndings linking
lower intelligence to somatoform problems [13,16,21], and with
our observations in the present study that the link between lower
intelligence and increased pain reporting appears, in some individ-
uals at least, to start early in life. Another possibility is that people
with lower intelligence may be less able to apply appropriate cop-
ing strategies when faced with pain, increasing the likelihood that
it becomes chronic. Evidence in children suggests that those with
higher intelligence have a more internal locus of control [12]. Hav-
ing a greater perception of control over one’s life makes people bet-
ter able to adopt active coping strategies that may reduce pain and
disability [8,29]. It is also possible that people with lower intelli-
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mation about pain, perhaps leading to a poorer outcome. Little is
known about the relationship between such health literacy skills
and CWP, but in qualitative interviews with individuals with
chronic low back pain, a recurring theme was the difﬁculty they
experienced ﬁnding out and comprehending information about
their pain [6].
The main strengths of our study lie in its size, the covariate data,
and the availability of a measure of cognitive ability that predated
the development of CWP in adulthood, thus avoiding any possibil-
ity of reverse causation. The study also has some weaknesses.
Firstly, our analyses are based on single measures of both intelli-
gence and CWP. Secondly, we had no data on occupational expo-
sures that have been linked to pain—mechanical factors such as
heavy lifting and carrying, extreme ﬂexion of the spine, kneeling,
use of vibrating tools—so we were unable to examine whether
the greater risk of CWP seen in some participants was explained
by these factors. Thirdly, we had no information on use of medical
help to deal with pain, so it was not possible to investigate whether
people of higher intelligence were more likely to seek medical ad-
vice about their symptoms before they became chronic. Fourthly,
no data were available on when the CWP started. This means that
it is impossible to be certain whether all our potential mediating
factors predated the CWP; for instance, the presence of CWP may
itself cause psychological distress or lead to weight gain.
In summary, we have presented ﬁndings from the ﬁrst prospec-
tive study to examine the relationship between intelligence mea-
sured in childhood and CWP in middle age. Our results show that
men andwomenwith higher intelligence in childhood are less likely
as adults to develop this common and disabling condition. We now
need to understand the mechanisms causing this association.Conﬂict of interest statement
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